Recent results from the Mark II Detector at SPEAR are presented. These include measurements of the decays r--to-vr and T-+K*-(890)~,, observation of direct photons at the $, inclusive proton and A production and measurements of charmed baryon and charmed meson decays.
INTRODUCTION
The Mark II detector was installed in the west interaction region at SPEAR in October 1977. All the major detector systems were operational by March 1978 and since then data were obtained in the center-of-mass energy region 3-7.4 GeV. In particular data were recorded at the J1(3096), Q(3684) and $(3770) resonances and at 3.52 GeV, 3.67 GeV, 4.16 GeV, 4.4 GeV, 5.2 GeV, 6.5 GeV and 7.4 GeV. The region from 3.7-6 GeV was scanned using a step size of 6-20 MeV recording 100-300 p-pairs per scan point. A broad range of physics measurements has resulted from these data and a subset of the more recent results are presented herein. A notable exception in this presentation is the first observation of the production of a resonance (n') in two photon physics and a measurement of its radiative width.2 Topics which are forthcoming include a measurement of the total hadronic cross section, limits on rare decay modes of the heavy lepton and measurements of the cascade and hadronic decays of the x charmonium states.
The Mark II magnetic detector is described below as a preface to the following physics topics:
(1) The decays r-+p-v, and r--+ K"-(890)v,.
Inclusive photons at the $(3096) and evidence for the production of direct photons.
(3) Inclusive proton and ho production. tracked charged and neutral particles with good precision and efficiency over a large solid angle. In addition high priority was given to the identification of leptons with small hadron contamination and the clean separation of pions, kaons and protons over a wide range of momenta.
The principal features of the detector are:
(a) Sixteen layers of drift chamber3 which provide charged particle tracking over a solid angle of 75% of HIT. Azimuthal tracking information comes from 6 axial layers while the remaining 10 stereo layers, strung at +3' to the beam axis, provide polar angle information.
The rms momentum resolution for tracks constrained to the e+e-(0 0145)2lQ interaction point is ap/p = C(O.OO5p)' + .
where p is the track momentum in GeV/c. The two terms in the error parametrization correspond to the measurement error and the multiple scattering respectively. The tracking efficiency is -3-greater than 95% for tracks whose momenta are above 100 MeV/c.
(b)
A time-of-flight (TOF) system comprising 48 scintillation counters arranged azimuthally around the exterior of the drift chamber.
This system has a resolution of 300 picoseconds for hadrons which translates into one standard deviation separation levels for momenta of 300 MeV/c for pions and electrons, 1.35 GeV/c for pions and kaons and 2.0 GeV/c for kaons and protons.
The following method is used to obtain TOF particle identification for all the physics topics discussed below.
The measured momentum and flight path are used to predict a flight time for each mass hypothesis (IT, K and proton) .
A Gaussian weight is obtained for each hypothesis using the difference between the measured and predicted times. These weights, which are proportional to the probability that the measured time is compatable with the mass hypothesis, are summed and normalized to unity. The energy resolution has been measured to be oE/E = 11.5%/e (E in GeV) for high energy electrons and photons. For energies below 500 MeV this resolution degrades slightly due, to the 1.36 rR coil which precedes the counters.
Angular resolution for high energy photons and electrons has been measured to be 3.5 mrads which in turn degrades to -8 mrads below 500 MeV. The photon detection efficiency has been measured Q -+ Tr+Tr-,r+TT-no using the decay and is shown in Fig. 2(a) .
The solid curve, which is the prediction of the Monte Carlo simulation program,' agrees well with the data. Figure 2( Bhabhas, and pions obtained from the decay $ + ~~+r-n+n-mO. The probability that a hadron is misidentified as an electron has been measured to be 7% below 500 MeV/c, 4% at 600 MeV/c and 2% at 800 MeV/c.
(e) Two layers of proportional tubes interleaved with steel are used for the identification of muons. The threshold momentum for the two layers is 700 MeV/c and 1.0 GeV/c respectively and the system, which covers 55% of HIT, has an efficiency for tagging muons above threshold in excess of 98%. The probability that a hadron is called a muon is 4% at 800 MeV/c, 11% at 900 MeV/c and 2% above 1 GeV/c.
(f) A small angle (25 mrad) tagging system is used to measure Bhabha scattering and hence provides a measure of the luminosity. Large angle Bhabha scattering events are measured in the liquid argon system as a cross-check on this luminosity determination. Typically we assign a 7% systematic error to the measurement of the luminosity.
MEASUREMENT OF THE BRANCHING FRACTIONS FOR T-+ p-v, AND T-+ K*-(890)vr
The heavy lepton, 'c-, is now a well established particle and much is known about its intrinsic properties.6 There have been many measurements of the leptonic branching fraction as well as the inclusive hadronic branching fractions.6
The leptonic vertex in T decays (see Fig. 3 current. The Mark II detector group has measured the branching fractions for all three of these modes and we present below a detailed description of T--f p-v,9 and f-+K*-vr and briefly mention our preliminary result on '1-+71-v~.
The data used in the r+pv study come from a scan in the centerof-mass energy range 4.5 I EC, I 6.0 GeV. This corresponds to an integrated luminosity of 3950 nb-l or 11,500 produced T+T-pairs. In searching for the decay T--+p-vr we attempt to isolate events arising from the following decay sequence:
- This ratio can be calculated using the conserved vector current hypothesis and e+e-+p" data.
In particular the prediction of Gilman and MillerlO for this ratio is 1.2 in excellent agreement with the data.
The result is also in agreement with the measurement of B(T-+p-v,) = (24+-g)% of the DASP gr0up.l' The measurement presented here represents less than 20% of our data and we will soon have a sample of -500 pR events to upgrade this analysis.
We also have obtained a preliminary result of B(r-+-IT-V,) = (10.7? 2.1)%. In order to study the decay T-+K*-(89O)vr we have used all the Mark II data with EC, > 4.2 GeV, which corresponds to an integrated luminosity of 15,300 nb-l or 42,700 produced r+r-pairs. and we require case (a) the event selection is identical to the pll events except that we require a charged kaon instead of a pion.
In case (b) we require that there be four charged tracks with the appropriate charges and that two oppositely charged tracks, both pions, form a secondary vertex (distant from that formed by the n+R-by at least 1 cm) and have a mass consistant with a Kz. trum for the K'IT' Figure 7 shows the invariant mass specand Kgvt events selected as above. A clear peak is seen at the K"(890).
There are 18 signal events with an estimated background of 3.4 events.
We have used the detection efficiencies %.&roll-= 1.3% and E~~~+~-= 2.4%, the number of corrected events sequences: (4 - where the first error is statistical and the second error accounts for systematic effects.
We interpret this result as evidence for a Cabibbo suppressed decay mode of the T. Such a mode is expected and according to Tsai12
where 0, is the Cabibbo angle and f (=0.93) accounts for the difference in phase space available to the two channels. 
MEASUREMENT OF HIGH ENERGY DIRECT PHOTONS IN II, DECAYS
First order QCD calculations13 predict that a significant fraction of the hadronic decays of a heavy quark-antiquark resonance, such as the $, should be accompanied by direct photons. A direct photon is defined as one which does not come from IT' or no decay. QCD perceives the hadronic decay of the JI as going through a 3 gluon intermediate state (see Fig. 8 ).
There is no reason why one of the gluon lines cannot be replaced by a photon in which case hadronic decays of the $ would contain direct photons. First order QCD predicts
where C=36/5 is a color SU (3) Pseudo-photons were created by assigning charged n's a IT' identity and letting them decay into two photons.
The background was normalized to the two photon mass spectrum above 300 MeV/c2.
The photons and TAO' s obtained in this way are used to obtain inclusive photon and IT' spectra. The detected spectra are corrected using the known photon and IT' detection efficiencies and the trigger efficiency.
The trigger efficiency is obtained from a sample of $' decays.
Events of the type $'++IT+IT-are selected which have two oppositely charged particles whose missing mass is consistant with the JI mass.
This sample of JI events is identified solely by the n+ and IT-and hence there is no trigger bias associated with the $. Open points show the expected photon momentum distribution based on measurements of IT~ and no production.
The include a 222% systematic error. inclusive photons for x 2 0.5.
We have used the 7~' inclusive distribution to make a prediction for the expected photon x distribution.
We have also accounted for photons arising from no decay.
To determine the no contribution, fits have been made to the background subtracted two photon mass distributions.
We have measured the ratio R(p)=B(J,+n'+x) l B(n"+yy)/B(J,+~o+x) as a function of momentum and find that R(p) is less than 0.1 in all momentum bins except p > 1.2 GeV where R(p) =O.l6t 0.06. Using these estimates of no production and the measured TI' x distribution, we produce the expected photon inclusive distribution shown in Fig. 9 as open circles.
The error bars In Fig. 9 we see a clear excess of Figure 11 shows the difference between the two distributions in Fig. 9 and is hence the excess of measured photons over and above those arising from TI' and no decays. Both statistical and systematic errors are shown although there is an additional +17% systematic error in the subtracted distribution due to uncertainties in the efficiency corrections and knowledge of the direct photon angular distribution.
Integrating the direct photon momentum distribution above x=0.6 we obtain an inclusive rate for direct photon production of (4.1+0.8)%.
For x>O.6 first order QCD predicts 5% in good agreement with the data. The solid curve is the lowest order QCD prediction convoluted with the energy resolution.
order QCD and convoluted with our detector resolution is shown in Fig. 11 . It does not agree well with the observed shape, but it is important to point out that higher order QCD effects could well be comparable to those in first order. The predicted x distribution will also be softened by radiative -lleffects and the mass of the final state hadrons which were not included in the QCD calculations.
The angular distribution for the photons with x > 0.6 has been fit to the form l+aycos20 where 0 is the polar angle of the photon with respect to the beam direction. Approximately 25% of these photons are from ITO decay and allowing for an isotropic distribution for these photons we obtain ay = 0.182 0.18 for the direct photons. First order QCD predicts ay w 0.3 for x > 0.6. As a check on possible systematic errors and trigger bias problems, the analysis presented above has been repeated using two other independent methods. The first method uses the J, events obtained from $' -+ @T+~T-as discussed earlier.
The second involves using J, data and requiring one photon in the liquid argon system and another arising from a photon conversion in the 0.06 radiation length of material which precedes the drift chamber.
In the first case the Tr+ and TT-provide the trigger and in the second the e+ and e-from the conversion provide the trigger. So both of these methods are free of the trigger bias, and in both cases the resulting photon and x0 distributions are consistant, within errors, with the primary method discussed above.
INCLUSIVE PROTON AND A0 PRODUCTION
A study has been made of the inclusive cross section for the production of protons and A"' s in the center-of-mass energy range 3.7-7.4 GeV.15 A measurement of this nature is important in its own right.
However the main motivation for this study was to look for threshold effects which might signify the onset of charmed baryon production.
Anti-protons (p) were used for this inclusive measurement to avoid the contamination present in proton events from beam-gas scattering.
All hadronic events with two or more charged prongs were used for the ij analysis and TOF was used to identify 5's with momenta s 2.0 GeV/c.
The F detection efficiency is estimated from a Monte Carlo model in which p's are generated according to the invariant cross section E/4=p2da/dp w eDbE, where p is the momentum of the p, E its energy and b is an adjustable slope parameter. The rest of the phase space is filled with a second nucleon and <n>-2 pions, where <n> is the mean particle multiplicity.
The parameters b and <n> are adjusted at each center-of-mass energy so that the observed 6 momentum spectra are adequately reproduced. As a check on this p production model we have used it to obtain invariant cross sections as a function of momentum at various energies in the 4 GeV region and the resulting spectra agree well with those obtained by the DASP group.16 The detection efficiency for p's varies slowly with center-of-mass energy, the average being 60%.
The A0 and X0 hyperons are identified by their PIT-and PIT+ decay modes.
All hadronic events with three or more charged particles were used.
The nns mass resolution for the A's is 3 MeV and background subtractions of 5 15% are made. For the A's (not x's) we require that the total observed charge be < +l. This requirement reduces the beam-gas background substantially and results in an efficiency These data have been corrected for acceptance and the A branching fraction into prr. All errors are statistical; the estimated systematic errors are ?17% for R(p+p) and +27% for R (A+x) and are dominated by the uncertainties in the production process.
It is important to point out that R (p+p) is not corrected for the contribution of protons from decays of A0 or Co hyperons. The measurement of R(p+p) agrees well in shape but lies -25% above previous measurements. 16p17 The measurement of R (A+x) is in poor agreement with the previous measurement;17 the rate measured in the Mark II, which is about 2% times higher than the previous measurement, is based on a cleaner A signal and more detailed efficiency studies.
The data for both the p's and A's show an appreciable increase in baryon yield between 4.6 GeV and 5.2 GeV. The observed step sizes are AR(p+F)= 0.31+_0. 06 and AR(A+x) = O.lO? 0.03 and the A/p ratio, corrected for the proton contribution from A's, is (41115)X.
OBSERVATION OF CHARMED BARYON DECAYS
If the rise in the baryon yield at 4.6 GeV is due to the onset of the production of charmed baryons, exclusive states with masses -2.3 GeV should be seen decaying into final states containing one unit of baryon number and at least one unit of strangeness. Such weakly decaying states have been sought in invariant rn!s; spectra and a prominent signal has been seen in the channel pK 'TI +~K+IT-.~~ All the Mark II data in the center-of-mass energy range 4.5-6.0 GeV are used for the analysis.
These data correspond to an integrated luminosity of 9150 nb-', 5150 nb-' of which is at 5.2 GeV. Charged kaons and protons-are identified by the TOF system.
-13- Figure 13 shows the invariant mass for various combinations of pKn. A recoil mass cut of > 2.2 GeV has been applied to these data. A systematic error of 6 MeV/c2 has been assigned to the mass of the SKIT state.
The uncertainty in the magnetic field contributes 2 MeV/c2 to the mass error.
A 20% error in our correction for the proton and antiproton ener y contributes 2 MeV/c 5 loss . The A fit using a Gaussian plus a background shape obtained from Fig. 13 (b) has been performed on the data in Fig. 13(a) . The width obtained for the Gaussian is consistant with the detector resolution indicating that the pKn state results from a weak decay.
We obtain a mass of 2.285kO.006
GeV/c2 for the SKIT state, where the error is dominanted by systematic effects.
We have also observed a signal in the channel pKi+pKg which is shown in Fig. 14 (1) The step AR(p) is entirely due to the onset of pair production of charmed baryons.lg (2) All charmed baryons so produced cascade down to the AZ. 
THE $(3770) RESONANCE
The 1/~(3770)~~9~~ resonance lies just above the threshold for the production of D+D-and DoDo, but below the threshold for DD production.
It decays entirely to DE and provides a sample of kinematically well determined and relatively background-free D mesons. The Mark II group has performed a scan in the energy range 3.67-3.87 GeV in order to measure the $(3770) resonance parameters.
In addition 2850 nb-' of integrated luminosity were obtained at the fixed energy of 3.771 GeV. The fixed energy running is useful for understanding both inclusive and exclusive properties of the D mesons and absolute branching fractions can be obtained because the scan data provides a measure of the DE production cross section. The scan data is shcwn in Fig. 16(a) in the form of R which is the ratio of the hadronic cross section to the p-pair cross section. The contribution from ~+r-pairs has been removed and the continuum (but not the $, $' and +'I) has been radiatively corrected. The prominant features of Fig. 16(a) are the $(3684) and its radiative tail plus a broader resonance centered at -3.77 GeV, the +(3770). The data in Fig. 16(a) have been fit to a function which accounts for the resonance shape, the continuum and the radiative tails of the $(3096), $(3684) and the $(3770) itself. The form of the resonance shape is a non-relativistic p-wave Breit-Wigner with an energy dependent total width23 which takes into account the proximity of the resonance to the DE threshold.
In where p+ (p,) is the mvmentum of the pair produced D (Do) and the mass of the resonance (M) its total width (Ptot) and its partial width to electrons (r,,) are parameters in the fit.
The total width is normalized at the peak of the resonance and the interaction length r is taken to be 2.5 fermis for this analysis.
The resonance parameters obtained in the fit are found to be insensitive to the size of r.
The fit has a x2 of 12 for 17 degrees of freedom and is shown, after removal of the continuum and radiative effects, superimposed on the data in Fig. 16(b) . the error in the mass is dominated by the 0.13% energy calibration of SPEAR. We also obtain the peak cross section ~(3764) = 9.321.4
nb.
-17- In addition to the Cabibbo favored decay channels discussed above, we have observed the Cabibbo suppressed decay modes D'-+K+K-and DO+~+IT-. Figure 19 shows quark diagrams for the Cabibbo favored decay mode as well as the two Cabibbo suppressed modes, and those diagrams reflect the flavor preference for thec-ts coupling over the c-td coupling.
In Fig. 19 , eA is the familiar Cabibbo angle (0,) whereas t+., can be thought of as the charm analogue of ec. 
Under the as;umption 8 2A=eB and SU(3) invariance, one can predict Because of phase space consideramode is raised by 7% and the rate for the Do + K+K-mode is lowered by 8%.
In the analysis of the three two body modes mentioned above we require that the pair momentum (p,) be within 30 MeV/c of the expected momentum (288 MeV/c).
The two body invariant masses for the three mass assignments are plotted in Fig. 20i One sees a prominent peak at the D mass (1863 MeV/c2) in the K-n mode, a clear signal in the K?C-mod: and a statistically significant excess of events in the ll+a-mode. The peaks in Figs. 20(a) and 20(b) which appear at -?120 MeV/c2 relative to the D mass arise from the decay Do -t Rsr+ in which either a K or a n are misidentified by TOF. The data in Fig. 20 is fit using the technique of maximum likelihood. Background distributions shown in Fig. 20 
INCLUSIVE STUDIES OF D-MESON DECAYS
As "+" mentione$ ke$'ore, tte relatively background-free channels Do -t K-IT , Do -f K-n IT 71 and D -+ K-~+lr+ are used for inclusive studies.
The observed D channel serves as a clean tag for DE production and we look to see what is produced in association with the tag.
For these inclusive studies a sample of events comprising 283 K-IT+ decays (with 17 f 2 background), background) and 290 K-~+IT+ 211 K-~+~-IT+ decays (with 31+ 3 decays (with 33+ 2 background) are used. Figure 21(a) shows the observed charge multiplicity opposite the tagged events.
These spectra have been corrected for the background contributions shown shaded in the plot. The distributions are not corrected for the KS -t IT+IT-decay which enters into the spectra in Fig. 21 as two charged particles.
Using a Monte Carlo simulation program one obtains a matrix which relates the probability of observing j charged particles when i were produced. This matrix is used to "unfold" the produced charged multiplicity, the results of which are shown in Fig. 21(b) .
The average multiplicities are: by the LGW group2g and are lower than the typical predictions of statistical models. 30 Because of the favored flavor change c+s involved in D decays, one expects to see a kaon in most D decays. The tagged events have been used to measure the kaon content in D decay.
As usual charged kaons are identified from TOF and neytral kaons via the decay KS -+ Ti IT-. Table III summarizes the results of this study. The backgrounds for charged kaons come from TOF misidentifications and for neutral kaons from random ~+TI-pairs whose mass is consistent with a KS. From Table III we can conclude that the Cabibbo suppressed decays (D + K+) are seen at the expected rate.
The rate for D+ -f K- We have studied semi-leptonic D decays using the electron content in tagged events.
Here we must distinguish between "right sign" and "wrong sign" electrons -the "wrong sign" electron having the opposite sign of the kaon observed in the tagged D. The data are summarized in Table IV. The excess (observed events above background) of "right sign" events are corrected using the excess of "wrong sign" events in order to obtain the true branching fractions. 42, 749 (1979) .
The notation T--t p-vr, T-+ R-vTVe and T--+ R-V= imply also the charge conjugate reactions.
